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1 
riiais .invention relates fo communication sys- 
teins, paricularïy fo wo-way wire telephone re- 
pea-tr circuits ïor two-way amplification, and 
ilas ior an object fo provide a circuit arrange- 
men ïn which the repeater is normally ineffec- 
tire duriig the idlè or nom-ta]king period. 
t -has been the practice heretofore, as ïar as 
applicant is aware, o maintain telephone repeat- 
ets in a coninuously energied state during both 
th e talking and non-talMng periods, thereby 10 
causing cuïrent drain whioh becomes apprecia- 
ble as the mnnber of repeater circuits increases. 
urhermore, the iie of the vacuum tubes and 
related appa-ratus of the repeater circuit is sub- 
stantïally reduced by this continuous energiza- 15 
tion. 
If is, therefore, anotheï object of the inven- 
.ion fo provide an improved repeater circuit that 
s adaptecl to be connected fo the transmission 
system on!y during the talking period, while the 20 
transmission system is continuously available for 
sisnaliig pUi'poses lUi.ng thé ron-talkïng period. 
it is still another Objee Of the invention to 
povide a more efficient and ecOromical arrange- 
meiït ïoi- the ütiliztion -o repeaters in transmis- 25 
sion fl'cutS. 
It îg a futtheç object of the invention fo pro- 
Yidb  Specially arrailged repeater circuit where- 
by calls may be transmitted from ose end to the 
other end of a transmission line to which the 30 
repeater i connected without the neessity of 
using call re-transmitters. 
]ït is a still further object of the invention fo 
rovide a repeater circuit that is of small size 
ànd Weight and which consumes cmparatively 35 
little cUrrent. 
Acording fo a feature oï the present inven- 
tion, advantaçes are secured over the prior 
rangements by normally interconnecting the 
transmission lines ai the repeCer point through 40 
back contacts of a switching rêlay fo provide a 
continuous metallic circuit or the transmission 
f call and release sign'al thereover, iront con- 
tacts of the relay being connected fo the 
peat'eï circuit, Which is, thereïore, normally dis- 45 
connected rom the transmission line and which 
i de-e]çergized during the idle period. The re- 
peater circuit is first energized in response to a 
call Signal impressed over the iines, then con- 
nected fo the lines upon termination of the call 50 
signal, and nally disconnected thereïrom upon 
initiation of a release signal, thereby consuming 
Current only during the interval of rime between 
the call signal and the relese signal. 
According fo an.ot_h. ferrure of Wy.etion, 55 
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the vacuum tubes that are utilized in the repeater 
are provided with direct heating cathodes that 
require slight heating current. These tubes are 
of the twin-grid type, in which one grid is brought 
fo a positive p0tentil with respect to the fila- 
ment and functions as an electr0n-catching elec- 
trode. The other grid ïunctions in a manner 
similar to the usual Control grid. 
According to another ïeature of the invention, 
the source of energy for the electron-catching. 
electrode and plate eiectrode oï the repeater tubes 
is supplied by a vibrator operating at a frequency 
of a fev¢ hundred cycles per second, which vibra- 
tor is fol!owed by a rectifier and filter, the vibra- 
tor being ënergized ïrom the saine source of 
direct Current that feeds the vacuum tube fila- 
ments. 
According to anther ïeature of the invention, 
in the eVent of a breakdown of a vacuum tube 
or other e!ement of the rel)eater, for example of 
the battery or vibrat0ï, means k]?e provided 
automatica.lly disconnecting the repeater and for 
r-establishing the metàilic connection between 
the two lines. 
According to another feature of the invention, 
means are provided for checking he amplïfica- 
tion and operati0n of the repeater by usng the 
vibrator as the source of measuring curren. 
These and other features of the invention wfll 
be more ful!y described in the o]lowing specifica- 
tion taken in connection with the accompanying 
drawings, in which: 
Fig. 1 is a schematic view of onè embodiment 
of a repeater circuit, and 
Fig. 2 is a modification of the amplifier shown 
in Fig. 1. 
Referring now to the drawings, particularly to 
Fig. 1, there is schematicàlly Shown a télephone 
repeater circuit to which is adapted to be con- 
nected a pair of communication channels or 
transmission lines LI and L2, which may be 
termed .East (.E) and West (W) lines, respec- 
tively. The ïepeater circuit may be located in 
what is called a .repeater 'offi'ce or repeter sta- 
tion (!lot shown), which may be attended by 
personne! or unattended, a plurality 'of trans- 
mission li-s having àplCrancès ttereat fr 
'_hrough Or terminal Use. The transmiï0n lineS, 
such as L and L, are 'connecçed to associated 
oces (nt shown) ïn th'e usual manner. As is 
WeI1 knoWn ;in të!eph0ne prCiCe, commnîca- 
tion occurs over the tv0 Wire lies L and L2 
in bth direc'tolS and the rCeaer circuit is, 
thërefore, provided wth two slngie ta'ge ampli- 
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fiers, one for amplifying speech in each direc- 
tion. 
The amplifiers of the repeater circuit com- 
prise twin-grid vacuum tubes V and V2, which 
are rendered ineffective during the idle period, 
that is, while the transmission lines L and L2 
are in a non-talking condition. The filaments 
of the tubes V and V2 are of low current con- 
sumption, for example, consuming about 80 milli- 
amperes af a potential of four volts. The first 
grid of each tube, that is the grid nearast the 
filament in the drawings, is brought fo a positive 
potential of about 10 volts with respect fo the 
positive end of the filament, while each plate is 
brought to a positive potential of about 30 to 50 
volts, for example. The second grid functions as 
a control grid, being biased at --. volts, for ex- 
ample, with respect fo the negative end of the 
filament. Accordingly, the first grid plays the 
part of an electron-catcher and makas if possi- 
ble fo obtain a slope of more than one milliam- 
pere per volt. It is, of course, understood that 
the above values are given only by way oï exam- 
ple, being by no means limitative, and may be 
modified as dasired without departing ïrom the 
scope of the invention. 
A source of direct current energy, such as a 
battery B of suitable potential, is adapted to 
supply the filament, as well as the plate, current 
Ïor vacuum tubes V and V2, the filament cir- 
cuits being connected directly fo the battery B. 
Since the plate circuits require a higher potential, 
as indicated hereinbefore, a voltage booster, such 
as a vibrator V, is connected to the battery for 
increasing the voltage to the required level, the 
output thereof being rectified by rectifiers $3 
and the pulsating direct current being filtered by 
a filter F of any suitable configuration, such as 
the  section shown. 
When no conversation is taking place, the two 
lines L and L2 are shown connected together 
through back contacts of a switching relay Lr, 
whfle the repeater circuit is connected through 
front contacts of this relay and is, accordingly, 
disconnected from the transmission lines L and 
L. Itis, therefore, apparent that lines L! and 
L are metallically connected together at the re- 
peater station, the other ends of thase lines be- 
ing connected to associated offices, one of which 
may be termed an originating or calling office and 
the other a final or called office. The repeater, 
in addition to being disconnected from the trans- 
mission lines L and L, is also normally de-ener- 
gized, that is, the direct current battery B is dis- 
connected from the filaments of tubes V and V2, 
as well as from the relatively high frequency vi- 
brator V during the idle period. Itis thus seen 
that while the repeater is idle, if is consuming 
no current, thereby producing substantial savings 
in current drain. 
When conversation is tobe held over lines L 
and L2, switching relay Lr is actuated, as will be 
described hereinafter, fo remove the metallic 
connections, namely, the back contacts of switch- 
ing relay Lr, and to connect the repeater through 
the front contacts of switching relay Lr, so that 
the repeater is serially interposed between lines 
L and L2. As shown in Fig. 1, voice frequency 
currents impressed over line L from, say the 
calling office, are connected through right front 
contact of switching relay Lr and hybrid coil or 
bridge transformer T to vacuum tube V, where 
they are amplified and transmitted throuih out- 
put transformer T and thence contlnued 
through hybrid coil or bridge transformer T3 to 
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line L2 and the called office via left front contact. 
of switching relay Lr. Similarly, the voice fre- 
quency currents impressed over line L2 from the 
called office are connected through the left front 
5 contact of switching relay Lr and bridge trans- 
former T] to vacuum tube V, which amplifies 
the currents and transmits the amplified ïre- 
quencies throuih output transformer T4, bridge 
transformer T I, and thence through right front 
lo contact of. switching relay Lr to line L and the 
calling office. For monitoring conversations over 
the transmission lines L and L, monitoring 
posts MON are shown connected to the terminals 
of the secondary windings of output transformers 
15 T2 and T4 via resistances RI4, RI5 and RI6, RI, 
respectively. 
The invention will be most readily understood 
from a description of the operation thereof. 
Assuming that a telephone call is tobe made 
20 between a calling office (hot shown) connected to 
line L and a called office (hOt shown) connected 
fo line L and that the distance between the two 
stations is such that a repeater circuit is required 
to amplify the conversations, the call is initiated 
25 by impressing a low Ïrequency signaling or ring- 
ing current of usual type over line L! from the 
calling office, which current is transmitted 
through back contacts of switching relay Lr and 
over line L2 to the called office. A portion of this 
3o ringing current is rectified by a rectifier bridge 
S disposed across line L, the recthîed current 
being connected, as shown, through windings of a 
control relay Af, which is energized. In op- 
erating, relay Ar at its front contact closes a 
35 circuit for relay Br. This circuit may be traced 
from the positive terminal of battery B through 
front contact of relay Ar, back contact of relay 
Cr, winding of relay Br, and thence through re- 
sistance R to negative terminal of battery B. 
4O Relay Br operates and at its outer right front 
contact closes a direct current supply circuit for 
the filaments of vacuum tubas V and V. This 
circuit may be traced from the positive termi- 
nal of battery B through the outer right front 
45 contact of relay Br, through the filaments of 
vacuum tubes V! and V2, which are in parallel, 
and thence back to the negative terminal of 
battery B. 
A circuit is also closed by relay Br for oper- 
50 ating vibrator V, which circuit may be traced 
ïrom positive terminal of battery B, throuu] 
outer right front contact of relay Br, back con- 
tact and leït winding of vibrator V, and thence 
back fo the negative terminal oï battery B. The 
5 output circuit of vibrator V, which supplies the 
plate circuits of vacuum tubes V and V2, may 
be traced from the plates of vacuum tubes V 
and V2, through output transformers T and 
T, raspectively, and in parallel paths through 
60 relays Dr and Er, after which the paths con- 
verge and continue through filter F, rectifiers  
$3, extreme right winding of vibrator V, and 
thence back through tirer F and resistance R2 
to the filament windings of the vacuum tubes 
65 V and V2. As soon as the filaments of tubes 
V and V2 bave become sufficiently heated to 
furnish plate current, the output current from 
vibrator V energizas relays Dr and Er through 
the hereinbefore-traced circuit and applies a 
70 voltage through resistance R3 fo the first grid, 
termed herein for convenience, catching grid 
electrodes. Rasistance R3 is variable in order to 
permit adjustment in gain of the vacuum tubes 
V and V2. 
5 Relay Br, at ifs inner right front contact, also 



closes a circuit for relay Cr,-which Circuit may 
be traced from positive terminal of battery 
through this contact, right winding of relay Cr, 
winding of relay Br and thence through resist- 
ance R to negativeterminl 
relay, .however, cannot opera' bec,use of the 
short circui across its right windin, as pre- 
send rouh the front contact of zelay 
and the ack contact of relay Cr. 
Upon operton of relys Dr nd E.r,  circuit 
is closed for zelay 
follows: from positive terual of bttery B 
through outer right front contact oî re!uy Br, 
windig: of rey Lr, front contacts of relys Dr 
nd Er, left wing nd bck contact o£ reluy 
Cr, winding of rely Br, ud. thence through 
resistunce  to minus terminal of bttery B. 
ely Lr, however, cunot operte in view of the 
series impedce introduced by he wndngs 
reluys Br and C nd  esista.nce . 
Upon rtion-of he nging cum'u% t'eluy 
 releses nd upon retruction o is front 
contact breks the herei-nbeïore described short 
circuit cross the rig.ht winding of reluy Cr, 
which, ccorngly, is energized over the ubove- 
trced circt. Reluy 
right front contact closes n energizing circuit 
for reluy Lr, wch muy be trced from positive 
terminal of bttery B threugh curer right front 
contact oï relY Er, windiug of reluy Lr, îront 
contacts o retays Dr nd Er»and thence threugh 
right front contact o retay Cr fo negutive ter- 
minl of btte B. Af its !eft front contact, 
rely Cr provides  locng circuit vch mY be 
trced ïrom positive bttery through outer right 
front contact of rely 
front contacts of gelys Dr nd Er, leït winng 
nd left front contact of rely Cr, and thence 
tough resistance 
bttery B. 
Rely Lr, n oporting, ut its buck conta.ct« 
sconnects tunsmisson hne L from truns- 
mision line L2; t its left front contact connects 
one conductor of transmission line L2 to the 
reporter ccuit through bridge transformer T3, 
the other conductor of line L2 being connected 
rectly o the transformer T3; nd t its right 
front contact connects one cenductor o line L 
to the repeser tough bridge transformer T, 
the other conductor of line L. beig rectly 
connected o the tnsormer T. OEhe repeuter, 
inclung cuum tubes V nd V2, bridge trus- 
formers T. and T, nd output trnsormers T2 
and T, is, ccordingly, insered between the 
lines L nd L2 w.hile in n opertve condition. 
The network winng of bridge trunsformers 
nd T3 re connected te the uul bulucing 
networks Q nd Q2, .respectively, euch con- 
sisting of  resistnce nd condenser of stle 
wlue. The nctwm'ks my be replced by more 
complex btncing networks, if reqred, in 
cordnce with well-known telephone pructice. 
Conversation now takes place between the 
nd culled offices. 
Upon conclusion of the conversation, u re- 
lease signal of any stabte type, such us ringing 
cuent, is sent from one end of Hne L., say the 
calling office, d, when ts signal reaches the 
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relay Af, or relay Af r, the front ,contact thereof 
connects a short circuit acress the winding of 
reläy Br and the right winding of relay Ct. 
This short circuit may be traced from the posi- 
tive terminal of battery B, through front contact 
of relay Ar, er relay A'r, and thence through 
left front contact of relay Cr and resistance R! 
to negative terminal oî battery B. Relay Cr, 
though, is maintained operated by its left wind- 
ing, the holding circuit thereïor being now traced 
from positive terminal of battery B, through 
front contact of relay Af, or relay A'r, and thence 
through leït winding and right front contact oî 
relay Cr to negative terminal of battery B. Re- 
laY Br releases and opens the battery circuit to 
the filaments, vibrator V, and relay tr. Vacuum 
tubes V and V2 are, therefore, de-energized. 
Relay Lr also releases and re-establishes the 
original metallic connection bctween lines L i and 
20 L2 through its back contacts and thus permits 
transmission of the release signal to the other 
end of the circuit, that is, to the called office. 
Relay Lr, in retracting its front contacts, also 
disionnects the repeater circuit from the trans- 
25 mission lnes L and L2. Upon termination of 
the release signal, relay Af, or .relay 'r, sa the 
case may be, releases and retraction of ïts front 
contact opens the above-traced circuit ï0r relay 
Cr, which releases. 
30 A testing circuit for the repeater is shown at 
the bottom of Fig. 1. BY means of cords and 
jacks (hot shown), the East and West inputs of 
the .repeater are respectively connected to the 
testing circuit transmission terminals EM and 
5 reception terminals REC, or vice versa, accord- 
ing to the direction of transmission to be tested. 
During the testing operation, the repeater is 
manually activated by means of a switeh K|, 
the contact of vvhich functions similarIy to the 
0 front contact of relay Af, or relay A'r. Vacuum 
tubes V and V2 are therefore energized in a 
manner simflar to that described hereinbefore. 
The tone emitted by the vibrator may be moni- 
tored, as shown, by means of a third winding of 
the vibrator that is connected via resistances 1$ 
45 and 1 {} to transmission terminals EM, and also 
via resistances 1 and R to contacts of a 
change-over switch K2. It is possible through 
switch K2 to monitor the tone emitted by 
brator V either vta the repeater and potentiome- 
50 ter 1| connected to the reception terminals 
IEC of the testing circuit, that is, with switch 
K2 in the position shown, or at the terminals of 
resistance 1 in the other position of switeh 
The potentiometer 1 is adjusted so as to ob- 
55 
tain the same tone in the telephone receiver TEL 
for the two .positions of switch K2. Potentiome- 
ter 1  is also provided with a dial (hot shown), 
which is graduated for gain. lesistances 
0 and R are large with respect to resistances 
1 and 1| .in order to minimize the shnnt effect 
introduced by the telephone receiver TEL. Upon 
termination of the tests, the repeater is ren- 
dered ineffective by opening the switch K|. 
65 leferring now fo the modification shown in 
Fig. 2, relays Dr and Er may be iocated, as shown, 
in the connections fo -the electron-catching grids 
and the gain adjustment resistance  may be 

repeater station, re!y Af re-operates through inserted in the feed connection of the plates of 
the rectifier bridge S n a manzer simitar to 7O the tubes V| and V2, when, owing to operating 
that when the calling signal was first impressed conditions, the current of the electron-catehing 
over the .line. However, should the release:signal grids is greater than the current of the plates. 
corne from the called party over line Lç, relay A'r lesistance 1%2 is omitted in' this modification and 
will be operated-through the rectifier bridge $2 the bias of the control grids is produced by a 
connected across line L2. Upon opertion of 75 system of condensers shunted by îsistances 
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CJS-i%J8 and CJ9-i%J9, respectively, that effect 
the self-polarization of the control grids by the 
voice frequency or conversation currents. This 
arrangement makes it possible to take advantage 
of the maximum amplification of the tubes when 
the voltages of the incoming signais are very 
low, although it causes a certain amount of dis- 
tortion which, however, interferes very little with 
the conversation. 
If either of the vacuum tubes V! or V2 shou]d 
become defective, if battery B shou]d be run 
down, if vibrator V should stop operating or, in 
a more genera] way, if there is faflure of the 
plate current (Fig. l ) or the screen current (Fig. 
2) of either tube, one of the relays Dz or 
or both of them, wfll release and open the op- 
erating circuit of relay Lr, which will, in turn, 
release and re-establish at its back contacts the 
metallic connection between the two lines L I and 
L2. 
Thus, it will be apparent that among others, 
the objects of the invention, as especially here- 
inbefore mentioned, are achieved. Obviously, 
numerous modifications and adaptations of the 
circuits shown might be resorted to without de- 
parting from the spirit of the invention, as de- 
fined by the claires. For examp]e, the vibrator 
may be replaced by a high voltage source, such 
as a dry battery, that is in permanent connec- 
tion but only delivers energy as long as the bat- 
tery is being fed. Under this modification, it 
would, of course, be necessary to add an auxiliary 
vibrator controlled by a switch for supplying the 
testing circuit when required. 
What is claimed is: 
1. A telephone system comprising a pair of 
transmission channels, a repeater in a normally 
inactive state, means responsive to a signal, re- 
ceived over one of said channels and normally 
used for completing the connection for automati- 
cally activating said repeater, means responsive 
to the termination of said signal for intercon- 
necting said charmels and repeater, and means 
responsive to a second signal over one of said 
channels for automatically disconnecting said 
repeater therefrom and for rendering said re- 
peater inactive. 
2. In a communication system, a pair of trans- 
mission lines, a repeater adapted for intercon- 
necting said lines during the talking period only, 
said repeater being de-energized during the non- 
talking period, means for metallically intercon- 
necting said lines during the non-talking period, 
means responsive to a signal, received over said 
lines and normally used for completing the con- 
nection, for energizing said repeater, and means 
responsive fo the termination of said signal for 
rendering said metallic interconnecting means 
ineffective and for connecting said repeater fo 
the lines. 
3. In a telephone system, a pair of transmis- 
sion lines, a telephone repeater adapted to be 
connected fo said lines during the talking period 
only, said repeater being de-energized during the 
non-talking period, switching means for metal- 
lically interconnecting said lines during the non- 
talking period, means responsive fo a signal, 
ceived over said lines and normally used for 
completing the cormection, for energizing said 
repeater, means responsive fo the termination of 
said signal for causing said switching means fo 
connect said repeater to the lines, said responsive 
means also being responsive to a second signal 
over said lines for disconnecting said repeater 

from said lines and for restoring said switching 
raeans. 
4. In a telephone system, an office, incoming 
and outgoing lines terminating therein, switch- 
 ing means for metallica]ly interconnecting said 
incoming and outgoing lines, means for repeating 
messages, said repeating means being de-ener- 
gized and ineffective while said lines are metal- 
lically interconnected, and raeans responsive to 
1{} ringing current over said lines for energizing said 
repeating means and for causing said switching 
means to interconnect said repeating means with 
said lines, said responsive means also being re- 
sponsive to a second projection of ringing cur- 
15 rent for automatically disconnecting said re- 
peating means ïrom said line and for de-ener- 
gizing said repeating means. 
5. In a telephone system, a repeater station, 
an incoming and an outgoing line terminating 
20 thereat, a switching relay for raetallically inter- 
connecting said incoming and outgoing lines, a 
repeater for amplifying voice currents over said 
lines adapted to be connected thereto, said re- 
peater being normally de-energized during the 
25 non-talking period, means inc]uding a control re- 
lay responsive to a call signal over said lines 
for energizing said repeater, and means respon- 
sire to the termination of said signal for caus- 
ing said switching relay to connect said repeater 
30 with said lines, said control relay also being re- 
sponsive to a release signal for disconnecting said 
repeater frora said lines and for metallically in- 
terconnecting the lines. 
6. In a telephone system, a repeater station, 
35 an incoming and an outgoing line terminating 
thereat, a switching relay for metallically inter- 
connecting said incoming and outgoing lines, a 
repeater for amplifying voice currents over said 
lines adapted to be connected thereto, said re- 
40 peater being normally de-energized during the 
non-talking period, means including a control 
relay reiponsive to a predetermined signal over 
said lines for energizing said repeater and for 
interconnecting said repeater with said lines, and 
45 means including a relay effective in the event of 
a fault in said repeater for disconnecting said 
repeater from said lines and for metallically in- 
terconnecting the lines. 
7. A telephone system comprising a pair of 
50 transmission channels, a repeater in a normally 
inactive state and comprising thermionic ampli- 
fying tubes having filamentary heaters and an-. 
odes, means responsive to a signal, received over 
one of said channels and normally used for com- 
55 pleting the connection for automatically ener- 
gizing said heaters and anodes, and means re- 
sponsive to the termination of said signal for 
automatically interconnecting said channels and 
repeater. 
60 8. A telephone system, as defined in claire 7, 
in which means is provided responsive to a sec- 
ond signal over one of said channels for auto- 
matically disconnecting said repeater fïom said 
channels and for de-energizing the filamentary 
65 heaters and anodes. 
9. A telephone system, as defined in claire 7 
in which the means for energizing the filamentary 
heaters and anodes of the thermionic tubes com- 
prises a source of heating current, a relay hav- 
î0 ing front contacts connecting said source in se- 
ries with said heaters, and energizing means for 
said anodes also controlled by the front contacts 
of said relay, and the means for interconnect- 
ing the channels and repeater comprises a sec- 
75 ond relay under control of said first relay. 
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9 
I0. A telephone system, as defined in claire 9 
in which a saïety relay is provided in an operat- 
ing circuit on each tube in the repeater so as fo 
be operated when the tube is energized and the 
circuit Ïor the third relay extends through Ïront 5 
contacts of said saïety relays, whereby the op- 
eration oï a safety relay will release said third 
relay and disconnect said repeater ïrom said 
channels. 
II. A telephone system, as defined in claire 7, I0 
in which a source of potential for the anodes of 
the thermionic tubes comprises a vibrator, and 
a source of direct current potential, the means 
for energizing the filamentary heaters and the 
anodes including means for connecting said 15 
source oÏ direct current potential to said vibrator. 
MARC A. LALANDE. 
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